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(54) Semiconductor encapsulating epoxy resin composition and semiconductor device 

(57) A semiconductor encapsulating epoxy resin 
composition is provided comprising (A) an epoxy resin, 
(B) a phenolic resin curing agent, (C) a molybdenum 
compound, (D-i) an organopolysiloxane, (D-ii) an organ- 
opolysiloxane cured product, or (D-iii) a block copoly- 
mer obtained by reacting an epoxy resin or alkenyl 
group-bearing epoxy resin with an organohydrogen- 
polysiloxane, and (E) an inorganic filler. The composi- 
tion has improved moldability and solder crack 
resistance while exhibiting high flame retardance , 
despite the absence of halogenated epoxy resins and 
antimony oxide. 
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Description 

[0001} This invention relates to epoxy resin compositions, their preparation and use for semiconductor device 
encapsulation. A preferred composition is effectively moidable and cures into a product having solder crack resistance, 
5 flame retardance and moisture-proof reliability. A semiconductor device encapsulated with such a composition is an 
aspect herein. 

BACKGROUND 

w [0002] The current mainstream in the semiconductor industry resides in diodes, transistors, ICs, LSIs and VLSIs of 
the resin encapsulation type. Epoxy resins have superior moldability, adhesion, electrical properties, mechanical prop- 
erties, and moisture resistance to other thermosetting resins. It is thus a common practice to encapsulate semiconduc- 
tor devices with epoxy resin compositions. Semiconductor devices are now used in every area of the modern society, 
for example, in electric appliances and computers. As a guard against accidental fire, the semiconductor encapsulating 

15 materials are required to be flame retardant. 

[0003] Halogenated epoxy resins (typically chlorinated and brominated epoxy resins) combined with antimony tri- 
oxide are often blended in epoxy resin compositions in order to enhance flame retardance. This combination of a halo- 
genated epoxy resin with antimony trioxide has great radical-trapping and air-shielding effects in the vapor phase, thus 
conferring a high fire -retarding effect 

20 [0004] In a high-temperature environment, however, such flame retardants as halides (typically chlorides and bro- 
mides) and antimony compounds are decomposed to give riseto chemical reaction at connections between gold wires 
and aluminum lines. This results in an increased resistance at the connections or even disconnection, inviting malfunc- 
tion. In addition, the halogenated epoxy resins generate noxious gases during combustion, and antimony trioxide has 
powder toxicity. Given their negative impact on human health and the environment, it would be desirable to avoid the 

25 use of these fire retardants in resin compositions. 

[0005] In view of the above demand, studies have been conducted on the use of hydroxides such as AI(OH) 3 and 
Mg(OH) 2 or phosphorus-containing fire retardants in place of halogenated epoxy resins and antimony trioxide. Unfor- 
tunately, because of various problems associated with the use of these alternative compounds, in particular poor cura- 
bility of the resin composition during molding and poor moisture resistance in the cured product, they are not yet ready 

30 for practical application. 

SUMMARY OF THE INVENTION 

[0006] An object of the invention is to provide an epoxy resin composition for semiconductor encapsulation which 
35 is free of harmful halogenated epoxy resins and antimony compounds, is effectively moidable and cures into a product 
having improved solder crack resistance, flame retardance and reliability. Another object is to provide a semiconductor 
device encapsulated with a cured product of the composition. 

[0007] The aim herein is to provide a new chemical fire retardance system for epoxy resin compositions, with par- 
ticular reference to criteria arising in semiconductor encapsulation and enabling the use of halogenated epoxies. and 
40 antimony compounds to be avoided if wished. 

[0008] Aspects of the invention are set out in the claims. 

[0009] An aspect is a semiconductor encapsulating epoxy resin composition comprising (A) an epoxy resin, (B) a 
phenolic resin curing agent, (C) a molybdenum compound, (D) a silicon compound, and (E) an inorganic filler. The sil- 
icon compound (D) is selected from the group consisting of (D-i) an organopolysiloxane of the following average com- 
45 positional formula (1): 

' R 1 aSiO (4 . a)/2 (D 

wherein R 1 is a substituted or unsubstituted monovalent hydrocarbon group, and M a" is a positive number of 0.8 to 3, 
so with the proviso that two R 1 groups, taken together, may form an alkylene group, (D-ii) a cured product of organopoly- 
siloxane, and (D-iii) a block copolymer obtained by reacting, an epoxy resin or an alkenyl group-bearing epoxy resin with 
an organopolysiloxane of the following average compositional formula (2): 

H m R 2 n SiO{ 4 . m . n )/2 (2) 

55 

wherein R 2 is a substituted or unsubstituted monovalent hydrocarbon group, m is a positive numberof 0.001 to 0.2, n 
is a positive number of 1 .8 to 2. 1 , and m+n is 1 .801 to 2.3, the number of silicon atoms in a molecule is an integer of 1 0 
to 1 ,000, and the number of hydrogen atoms directly attached to silicon atoms is 1 to 5, addition reaction taking place 
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between epoxy groups on the epoxy resin or alkenyl groups on the alkenyl group-bearing epoxy resin and silicon- 
attached hydrogen atoms (i.e., SiH groups) on the organopolysiloxane. 

[0010] We have found that curable epoxy resrn compositions of this new kind can be effectively molded, and cure 
into products which have an excellent fire retardance, moisture resistance and solder cracking resistance despite the 
5 absence of halogenated epoxy resins and antimony compounds (e.g., antimony trioxide). 

FURTHER EXPLANATIONS. OPTIONS AND PREFERENCES 

[0011] Component (A) is an epoxy resin which is not critical as long as it has at least two epoxy groups per mole- 
io cule. This epoxy resin is different from the block copolymer (D-iii) to be described later in that it does not contain a 
siloxane structure in the molecule. Illustrative examples of suitable epoxy resins include novolac-type epoxy resins such 
as phenolic novolac epoxy resins and cresol novolac epoxy resins, triphenolalkane epoxy resins such as triphenolrneth- 
ane type epoxy resin and triphenolpropane type epoxy resin, phenoiaralkyl epoxy resins, biphenyl skeleton-containing 
aralkyl epoxy resins, biphenyl epoxy resins, heterocyclic epoxy resins, naphthalene ring-containing epoxy resins, 
15 bisphenol-type epoxy resins such as bisphenol A epoxy compounds and bisphenol F epoxy compounds, and stilbene 
epoxy resins. Any one or combination of two or more of these epoxy resins may be employed. Halogenated epoxy res- 
ins are preferably excluded, for reasons mentioned above. 

[0012] No particular limit is imposed on the phenolic resin serving as curing agent (B) in the invention, so long as 
the phenolic resin has at least two phenolic hydroxy groups in a molecule. Illustrative examples of typical phenolic resin 

20 curing agents include novolac-type phenolic resins such as phenolic novolac resins and cresol novolac resins, naph- 
thalene ring-containing phenolic resins, triphenolalkane phenolic resins such as triphenolmethane type phenolic resin 
and triphenolpropane type phenolic resin, phenoiaralkyl phenolic resins, biphenyl skeleton -containing aralkyl phenolic 
resins, biphenyl phenolic resins, alicyclic phenolic resins, heterocyclic phenolic resins, and bisphenol-type phenolic res- 
ins such as bisphenol A and bisphenol F. Any one or combination of two or more of these phenolic resins may be 

25 employed. 

[0013] The relative proportions of the epoxy resin (A) and the phenolic resin curing agent (B) used in the epoxy 
resin compositions are not subject to any particular limits, although it is preferred that the amount of phenolic hydroxy! 
groups in the curing agent (B) be from 0.5 to 1.5 moles, and especially 0.8 to 1.2 moles, per mole of epoxy groups in 
the epoxy resin (A). 

30 [0014] The epoxy resin composition of the invention contains a molybdenum compound as the flame retardant (C). 
Exemplary molybdenum compounds are molybdenum oxides, molybdenum borides, molybdenum silicides, molybde- 
num esters, and molybdic salts such as molybdenum boride, molybdenum disilicide, molybdenum acetyl aceton ate, 
molybdenum (IV) oxide, molybdenum (V) oxide, molybdenum (VI) oxide and metal molybdates e.g. zinc molybdate, cal- 
cium molybdate carbonate, and calcium molybdate. It is already known for a molybdenum compound to have a smoke- 

35 reducing and charring effect in burning plastic. Although like antimony trioxide, molybdenum compounds are conven-. y 
tionally used in combination with halogenated resins, it has been found by the inventors that flame retardance is exerted^; 
by combining molybdenum compounds with the organopolysiloxane, organopolysiloxane cured product or block copol-^-' 
ymerto be described later. Since the molybdenum compounds are free from powder toxicity as found with antimony tri- 
oxide, they are quite safe flame retardants. Of these, zinc molybdate is especially preferred since it does not affect the 

40 curability of the epoxy resin. 

[0015] To achieve a good flame retardant effect, molybdenum compound should be uniformly dispersed in the 
epoxy resin composition. To improve dispersibility a molybdate e.g. zinc molybdate is preferably supported on an inor- 
ganic carrier such as silica or talc. Suitable inorganic carriers for supporting e.g. zinc molybdate include silicas such as 
fused silica and crystalline silica, talc, alumina, silicon nitride, aluminum nitride, boron nitride, titanium oxide, and glass 

45 fibers. The molybdate-carrying powder should preferably have a mean particle diameter of 0.1 to 40 jum, more prefera- 
bly 0.2 to 1 5 u,m, and most preferably 0.5 to 5 u,m and a specific surface area of 0.5 to 50 m 2 /g, and more preferably 0.7 
to 1 0 m 2 /g as measured by the BET method. 

[001 6] It is noted that the mean particle diameter can be determined as the weight average value (or median diam- 
eter) based on the laser light diffraction technique, for example. 

so [0017] In the flame retardant comprising zinc molybdate supported on the inorganic carrier, the content of zinc 
molybdate is preferably at least 5 wt%, more preferably at least 10 wt% to give good flame retardance. Preferably it is 
not more than 40 wt%, more preferably not more than 30 wt%, to maintain good curability and flow during moulding. 
[001 8] Suitable zinc molybdate on inorganic carrier is commercially available under the trade name of KEMGARD 
series, such as KEMGARD 1260, 1261, 1270, 1271 and 91 1C from Sherwin-Williams Co. 

55 • [0019] An appropriate amount of the flame retardant (C) in the form of zinc molybdate on inorganic carrier is 1 to 
1 20 parts, more preferably 3 to 1 00 parts, and especially 5 to 1 00 parts by weight per 1 00 parts by weight of the epoxy 
resin (A) and the phenolic resin curing agent (B) combined. The amount of zinc molybdate alone in the flame retardant 
(or generally, for molybdenum compound blended with or especially without supporting it on an inorganic carrier, the 
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amount of the molybdenum compound itself) is preferably 0.05 to 35 parts, more preferably 0.1 to 30 parts, and espe- 
cially 0.2 to 20 parts by weight per 100 parts by weight of the epoxy resin (A) and the phenolic resin curing agent (B) 
combined. The amount may be optimized by the skilled person to provide satisfactory flame retardance without an 
excessive amount which may sometimes detract from the flow and curability of the composition. 
5 [0020] The composition of the invention contains as component (D) at least one silicon compound selected from 
among: 

(D-i) an organopolysiloxane of the following average compositional formula (1): 
10 K 1 a SiO (4 _ a)/2 (1) 

wherein R 1 is a substituted or unsubstituted monovalent hydrocarbon group, and "a" is a positive number of 0.8 to 
3, with the proviso that two R 1 groups, taken together, may form an alky I en e group, 
(D-ii) a cured product of organopolysiloxane, and 
15 (D-iii) a block copolymer obtained by reacting an epoxy resin or an alkenyl group-bearing epoxy resin with an orga- 

nopolysiloxane of the following average compositional formula (2): 

H m R 2 n SiO (4 . m . ny2 (2) 

20 wherein R 2 is a substituted or unsubstituted monovalent hydrocarbon group, m is a positive number of 0.001 to 0.2, 

n is a positive number of 1 .8 to 2. 1 , and m+n is 1 .801 to 2.3, the number of silicon atoms in a molecule is an integer 
of 1 0 to 1 ,000, and the number of hydrogen atoms directly attached to silicon atoms is 1 to 5, addition reaction tak- 
ing place between epoxy groups on the epoxy resin or alkenyl groups on the alkenyl group-bearing epoxy resin and 
silicon-attached hydrogen atoms (i.e., SiH groups) on the organopolysiloxane. 

[0021] Component (D-i) is an organopolysiloxane of the average compositional formula (1): R 1 a s '°(4-a)/2 which is 
typically a non-crosslinkable silicone fluid (oil) or silicone resin (hydrolysis condensate) whereas component (D-ii) is a 
cured product of organopolysiloxane which is typically a crosslinked silicone rubber or silicone resin. It is known that the 
addition of a silicone polymer to a plastic material is effective for improving flame retardance because the silicon poly- 
30 mer forms a flame retardant silicon carbide (Si-C) coating upon combustion. According to the invention, component (D- 
i) and/or (D-ii) is used in combination with the molybdenum compound, especially zinc molybdate, whereby the forma- 
tion of a silicon carbide (Si-C) coating is promoted to enhance flame retardance. 

[0022] In formula (1 ), O represents an oxygen atom forming a siloxane structure (=Si-0-Si^). R 1 is a substituted or 
unsubstituted monovalent hydrocarbon group attached to a silicon atom forming the siloxane structure. The unsubsti- 

35 tuted monovalent hydrocarbon groups represented by R 1 are preferably those having 1 to 12 carbon atoms, and more 
preferably 1 to 8 carbon atoms, for example, alkyl groups such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert- 
butyl, pentyl, hexyl, cyclohexyl, and octyl; alkenyl groups such as vinyl, allyl, propenyl, butenyl, and hexenyl; aryl groups 
such as phenyl, tolyl and naphthyl; and aralkyl groups such as benzyl, phenylethyl, and phenylpropyl. The substituted 
monovalent hydrocarbon groups include those corresponding to the foregoing unsubstituted monovalent hydrocarbon 

40 groups in which some or all hydrogen atoms are replaced by halo e.g. fluorine atoms, cyano, hydroxyl, alkoxy, amino or 
mercapto groups as well as monovalent hydrocarbon groups containing imino groups, epoxy groups, carboxyl groups, 
carbinol groups, (methyl) sty ry I groups, (meth)acryltc groups, polyether groups, higher fatty acid groups, higher fatty acid 
ester groups, and long-chain alkyl groups of at least 13 carbon atoms. Two R 1 groups, taken together, may form an 
alkylene group of about 1 to 8 carbon atoms, especially about 2 to 6 carbon atoms, such as methylene, ethylene, tri- 

45 methylene, tetramethylene, methylethylene, or hexamethylene. 

[0023] Letter "a M is a positive number of 0.8 to 3, preferably 1 to 2.7. The organopolysiloxane may be a linear or 
cyclic one composed mainly of R 1 2 SiC>2/2 units, or a copolymer of three-dimensional network (or resinous) structure 
containing essentially R 1 Si02/3 units and/or SiO^ units and having R 1 3 Si0 1/2 units or r1 2 s '°2/2 units optionally com- 
bined therewith. 

so [0024] The organopolysiloxane (D-i) represented by formula (1 ) preferably has a number average degree of polym- 
erization of 2.5 to 1 ,000, and more preferably 3 to 200. It is noted that the degree of polymerization corresponds to the 
number of silicon atoms in the molecule. An organopolysiloxane with a number average degree of polymerization of 
less than 2.5 may give rise to problems of volatility and compatibility because of a low molecular weight whereas an, 
organopolysiloxane with a number average degree of polymerization of more than 1,000 may become high viscous and 

55 less dispersible. 

[0025] Among component (D-i), polydimethylsiloxane and polymethylphenylsiloxane are typical of the non-func- 
tional linear organopolysiloxane which does not contain a functional group-substituted monovalent hydrocarbon group 
in the molecule. Modified organopolysiloxanes include amino-modified polyorganosiloxanes, epoxy-modified polyorga- 



4 



8NSOCCID: <EP 1049152A2 I > 



EP 1 049 152 A2 



nosiloxanes, carboxyl-modified polyorganosiloxanes, carbinol-modified polyorganosiloxanes, methacryl-modified poly- 
organosiloxanes, mercapto-modified polyorganosiloxanes, phenol-modified polyorganosiloxanes, polyorganosiloxanes 
modified to be reactive at one end, polyorganosiloxanes modified with different functional groups, polyether-modified 
polyorganosiloxanes, methylstyryl-modified polyorganosiloxanes, long-chain (usually about C 13 . 30 ) alkyl-modified poly- 
5 organosiloxanes, higher fatty acid ester-modified polyorganosiloxanes, higher fatty acid-containing modified polyorga- 
nosiloxanes, and fluorine-modified polyorganosiloxanes such as trifluoropropyl-methylpolysiloxane. These 
organopolysiloxanes may be linear, branched or cyclic. 

[0026] Polyorganosiloxane resins are generally divided into polymethylsiloxane resins and poly(methyl)phenylsi- 
loxane resins. Those having a carbon-to-carbon double bond in the structure are known to be highly flame retardant. 

w The polymethylsiloxane resins are generally copolymers containing Si0 2 and/or Cr^SiO^ essentially and having 
(CH 3 ) 2 SiO, (CH 2 =CH)(CH 3 ) 2 Si0 1/2 and (CH 3 ) 3 Si0 1/2 structural units combined therewith. The poly(methyl)phenylsi- 
loxane resins are generally copolymers containing C 6 H 5 Si0 3/2 and/or Si0 2 essentially and having (C 6 H 5 )(CH 3 ) 2 Si0 1/2 , 
(CH 3 ) 2 SiO, C^SiO^, (CH 3 ) 3 Si0 1/2 , (CH 2 =CH)(CH 3 ) 2 Si0 1/2 , C 6 H 5 (CH 3 )SiO, and (C 6 H 5 ) 2 SiO structural units com- 
bined therewith, and are more heat resistant than the polymethylsiloxane resins. 

15 [0027] The cured product of organopolysiloxane used as component (D-ii) should have a crosslinked structure and 
may be selected from the silicone rubbers and silicone resins shown below. Included are organopolysiloxane rubbers 
cured by addition reaction in the presence of a platinum catalyst, organopolysiloxane rubbers cured by condensation 
. reaction (the condensation reaction including reactions of eliminating water, hydrogen, alcohol, oxime, amine, amide, 
carboxylic acid, and ketone), organopolysiloxane rubbers heat cured with organic peroxides, organopolysiloxane rub- 
20 bers cured by irradiating ultraviolet radiation, and organopolysiloxane resins cured by any of the foregoing reactions. 
Organopolysiloxane cured products having a functional group such as a silanol, hydroxy, carboxy, vinyl, amino, mer- 
capto, epoxy, methoxy, or ethoxy group in the structure may also be used. These organopolysiloxane cured products 
are ground by means of a suitable pulverizer and the resulting powder is used. Since the advanced mold for molding 
electronic parts such as ICs has a reduced gate size matching with the desired size reduction of packages, particles of 
25 the organopolysiloxane cured product should preferably have a mean particle size of up to 50 um, and especially up to 
20 |im from the molding standpoint. The lower limit is usually 0.01 um, more preferably 0.1 \im. 

[0028] Of the above-described organopolysiloxanes (D-i), polyether-modified polyorganosiloxane compounds hav- 
ing polyether groups with a high affinity to the matrix resin are preferred from the standpoints of marking on the package 
surface and adhesion. The polyether-modified polyorganosiloxane compounds are exemplified by the following com- 
30 pounds. 
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CH 3 

(CH 3 ) 3 Si0-|-Si-O 
CH 



(CH 3 ) 3 SiO 





Si(CH 3 ) 3 



(CHjMOC^CH^OC^CH)^ 0-CmH 2 m+l 

CH 3 

CH 3 

Si-0-j-Si(CH 3 ) 3 
CH, 



(CH^OCHjCH^OCH^H)^ 0-CmH 2 m+l 

CH 3 

CH 3 \ /CH 3 \ /CH 3 
(CH 3 ) 3 SiO ^Si-O44-?i-0-T-r Si- 0- ! - Si (CH 3 )3 



I 

CH, 





(CH2)3-OCH 2 CH-CH 2 

V 



(CH : 



(CH 2 ) 3 -(OCH 2 CH 2 3 r <OCH 2 CH) ? 0-CmH 2 m+l 

CH 3 



NH, 



CH 3 \ /CH 3 
(CH 3 ) 3 SiO^Si-0-^Si-0-j-4-^i-04— Si(CH 3 ) 3 



CHi 



CH, 



/h 



(CH^ 



OH 



NHCH 2 CH 2 NH-CH 2 CHCH 2 ^OCH 2 CH 2 )^OCH 2 CH) 3 <)-CmH 2 m+l 

CH 3 



In the formulae, letters a to h and m have the following meaning. 



45 



b: 
C: 
d: 

so c-hd: 
e: 
f: 

g: 

h: 

55 m: . 



integer of 5 to 200 
integer of 1 to 5 
integer of 0 to 30 
integer of 0 to 30 
integer of 10 to 60 
integer of 1 to 50 
integer of 1 to 5 
integer of 1 to 5 
integer of 0 to 5 
integer of 1. to 6 



[0029] Illustrative examples of the polyether-modified organopolysiloxane are given below. 
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CH 3 \ <f H 3 
Si-O-j— |i-CH 3 



(CH 2 ) r (OCH 2 CH 2 )23-(OCH 2 CHfe 0-C 4 H 9 

CH 3 





(CH^OCHjCHz^OCH^Hfe 0-C 4 H 9 

CH 3 

<^ 6 H 5 CH 3 

Si-O Si-CH 3 

I 3 
CH, 



CH 2 
I 

CH 2 OCH 2 CH-CH 2 

V * 



(CH 2 ) 3 -(OCH 2 CH 2 ) zr (OCH 2 <j:H^ 3 -0-C4H 9 

CH 3 




(CH 2 )3-C 6 H 4 -NH 2 

CH 3 
^i-O Si-CH 3 



CH, 



(CH^-, OH 
NHCH 2 CH 2 NH-CH 2 CHCH 2 -(OCH 2 CH 2 )5— I 



OCH 2 CH^ r O-CH 3 
CH 3 



50 



55 



[0030] Such polyether-modified organopolysiloxane may be used as a compatibilizing agent in combination with 
another organopolysiloxane compound such as an amino- or epoxy-modified organopolysiloxane having an amino 
functional or epoxy functional group attached to a silicon atom at an end or intermediate of the molecular chain as 
exemplified below and/or with organopolysiloxane cured product as mentioned above. 
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H 2 NC 3 H 6 -Si-0 
CH 3 



CH 3 
I 3 

H 2 NC 3 H 6 -Si-0 
CH, 



CH 3 /CH 3 

HO-Si-O-f— Si-O 

1 I 1 
CH 3 \CH 




CfiHsX CH 3 
Si-0-4-Si-C 3 H 6 NH 2 
C,jH 5 / CH 3 



CH 3 

Si-C 3 H 6 NH 2 
CH, 



C 3 H 6 NH 2 



ch 3 /ch 3 

CH 3 CH 2 0-Si " ' 



o-f-si-o 



CH 



CH, 




CH 3 \ CH 3 
Si-O-j— Si-OCH 2 CH 3 

Jm CH 3 

C 3 H 6 NHC 2 H 4 NH 2 



CH r CHCH 2 OC 3 H 6 -Si-0 Si-O 



CH 3 / CH 3 ^ CH 3 
CH 3 \CH 



Si-C 3 H 6 OCH 2 CH-CH 2 
CH, "V 



CH 3 /CH 3 
CH 2 -CHCH 2 OC 3 H 6 -Si-0 4- Si-O 



V 



CH, 



CH 



3 




CH- 



V CH 3 



Si-O— j-Si-C 3 H 6 OCH 2 CH-CH 2 



/ I 

C 6 H 5 /j CH 3 



50 



CH 3 /(pH3 
CH 3 -^i-0-+-~Si-0 
CH 3 \CH 




C 3 H 6 OCH 2 CH-CH 2 



In the formulae, letters i to n have the following meaning. 



55 i: integer of 5 to 200 

j: integer of 1 to 50 

k: integer of 50 to 2000 

I: integer of 1 to 10 
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m: integer of 1 to 10 
n: integer of 1 to 10 



[0031] Illustrative examples of the amino- and epoxy-modified organopolysiloxanes are given below. 
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CH 3 \ CH 3 Ji& \ C 6 H 5 /io CH 3 




C 6 H 5 



CH 3 



Si-0-+-p-C 3 H 6 NH 2 



CH 3 /CH 3 
H^QHs-Si-O-j-Si-O 

CH 3 \ CH 3 /ii4 \ CH 3 / 3 8 CH 3 




CH 3 

Si-C 3 H 6 NH 2 
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CH 3 \CH 3 



CH 3 

CH 3 CH 2 0-Si-0 
? I 
CH 3 
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CH 3 \ CH 3 
Si-O-J— Si-OH 

h ch 3 




C 3 H6NH 2 

CH 3 \ CH 3 
Si-O-J— ^i-OCH 2 CH 3 
/25 CH 3 

C 3 H6NHC 2 H 4 NH 2 



CH 3 I CH 3 \ CH 3 
-Si-O 4— Si-O-f - Si-C,H fi 



CH 2 -CHCH 2 OC 3 H 6 -Si-0 -+- Si-OH- Si-C 3 H 6 OCH 2 CH-CH 2 
° CH 3 \ CH 3 /so CH 3 ^ 
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CH^CHC^OCaH^-Si-O-^— Si-O 



3 A CH 3 




CH 3 \ CH 3 

Si-0-)-Si-C 3 H 6 OCH 2 CH-CH 2 
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5 J\ CH3 



V 




CH 3 \ CH 3 
Si-0-4-Si-CH 3 

h < 



C 3 H 6 OCH 2 CH-CH 2 
V 
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[0032] An appropriate amount of component (D-i) or (D-ii) (relative to 1 00 parts of the epoxy resin (A) and phenolic 
resin curing agent (B) combined) is usually at least 0.1 parts, more preferably at least 0.2 parts by weight in order to 
enhance ffame retardance. UsuaKy not more than 8 parts, more preferably not more than 4 parts are blended in order 
. to keep viscosity down and mechanical strength up. Parts are by weight. 
5 [0033] (D-iii) is a block copolymer obtained or obtainable by reacting an epoxy resin or an alkenyl group-bearing 
epoxy resin with an organopolysiloxane of the following average compositional formula (2): . . 

H m R2 n Si °{4-m-n)/2 ( 2 ) 

10 wherein R 2 is a substituted or unsubstituted monovalent hydrocarbon group, m is a positive number of 0.001 to 0.2, n 
is a positive number of 1.8 to 2.1, and m+n is 1 .801 to 2.3, the number of silicon atoms in a molecule is an integer of 10 
to 1 ,000, and the number of hydrogen atoms directly attached to silicon atoms is 1 to 5, preferably 1 to 3,. and most pref- 
erably equal to 2, addition reaction taking place between epoxy groups on the epoxy resin or alkenyl groups on the alke- 
nyl group-bearing epoxy resin and silicon -attached hydrogen atoms (i.e., SiH groups) on the organopolysiloxane. As 

15 previously described, it is known that the addition of a silicone polymer to a plastic material is effective for improving 
flame retardance because the silicon polymer forms a flame retardant silicon carbide (Si-C) coating upon combustion. 
According to the invention, component (D-iii) is used in combination with the molybdenum compound, especially zinc 
molybdate, whereby the formation of a silicon carbide (Si-C) coating is promoted to enhance flame retardance. In par- 
ticular, since the block copolymer (D-iii) has an epoxy resin structure as well as an organopolysiloxane structure in the 

20 molecule, it can be microscopically dispersed in a resin matrix of the epoxy resin and the phenolic resin curing agent to 
form an island-in-sea structure, which contributes to a further improvement in flame retardance. 

[0034] The epoxy resin used as one component of the copolymer may be selected from the same epoxy resins sug- 
gested for component (A), especially Afunctional epoxy resins having two epoxy groups per molecule, for example, 
difunctional epoxy resins represented by the following formula (6). The alkenyl group-bearing epoxy resin used herein 
25 may be selected from a variety of epoxy resins which have at least one, and preferably at least two epoxy groups such 
as glycidyloxy groups attached to an aromatic ring and at least one, and preferably at least two alkenyl groups, for 
example, aikenyt group-bearing epoxy resins of the structure represented by the following formulae (3) to (5). 



30 
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30 



25 



30 



0-CH 2 CH-CH 2 
V 



OH 
I 

OCH 2 CHCH 2 OCH 2 CH=CH 2 




CH 2 - 



L R J 



0-CH 2 CH-CH 2 

V 




CH- 



L R J 





L R J 



0-CH 2 CH-CH 2 

V 



CH, 



OH 



(3) 



OCH 2 CHCH 2 OCH 2 CH=CH 2 




L R J 



CH- 



(4) 




0-CH 2 CH-CH, 

V 



35 



CH2— CHCH2 



CH 2 -CHCH 2 -0 

O R 3 




— 0-CH 2 CH-CH 2 



(5) 



40 



45 



CH 2 -CHCH 2 -0 — « 



50 





OH R 
I 

OCH 2 CHCH 2 0 



(6) 



0-CH 2 CH-CH 2 

V 



Herein, R 3 is hydrogen, methyl or bromine, R 4 is hydrogen, methyl or trifluoromethyl, p and q are natural numbers, and 
preferably p+q is from 2 to 50, more preferably from 2 to 20, and r is an integer of 0 to 5. 
55 [0035] In the average compositional formula (2) representing the organohydrogenpolysiloxane, the substituted or 
unsubstituted monovalent hydrocarbon groups attached to silicon atoms represented by R 2 are preferably those of 1 to 
1 0 carbon atoms, and especially those free of aliphatic unsaturation, for example, alkyl groups such as methyl, ethyl, n- 
propyl, isopropyl, n-butyl, isobutyl, tert-butyl, pentyl, neopentyl, hexyl, cyclohexyl, octyl, and decyl; alkenyl groups such 
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as vinyl, allyl, propenyl, and butenyl; aryl groups such as phenyl and tolyl; and aralkyl groups such as benzyl and phe- 
nylethyl; substituted ones of the foregoing hydrocarbon groups in which some or all of the hydrogen atoms are replaced 
by halo e.g. fluorine atoms or afkoxy groups, for example, fluorine-substituted monovalent hydrocarbon groups such as 
fluorine-substituted alkyl groups, e.g., 3,3,3-trifluoropropyl and alkoxy-substituted monovalent hydrocarbon groups such 
5 as alkoxy-substituted alkyl groups, e.g., methoxymethyl, methoxyethyl, ethoxymethyl and ethoxyethyl. Of these, the 
unsubstituted monovalent hydrocarbon group not having an aliphatic unsaturated bond, such as an alkyl group, aryl 
group and aralky! group is preferred, and especially methyl and phenyl are most preferred. 

[0036] in formula (2), m and n are as defined above, preferably 0.005 < m < 0.1, 1.9 < n < 2.1, and 
1 .905 < m+n < 2.2 , and more preferably 0.01 < m < 0.1, 1.95 < n < 2.0, and 1 .96 < m+n < 2.1 . The number of silicon 

io atoms in a molecule is an integer of about 1 0 to 1 ,000, preferably about 20 to 400 and more preferably about 40 to 200. 
[0037] Exemplary organohydrogenpolysiloxanes include both end trimethylsiloxy group-blocked methylhydrogen- 
polysiloxane, both end trimethylsiloxy group-blocked dimethylsiloxane-methylhydrogensiloxane copolymers, both end 
dimethylhydrogensiloxy group-blocked dimethyipolysiloxane, both end dimethylhydrogensiloxy group-blocked dimethyl- 
siioxane-methylhydrogensiloxane copolymers, both end dimethylhydrogensiloxy group-blocked dimethylsiloxane- 

15 diphenylsiloxane copolymers, and both end dimethylhydrogensiloxy group-blocked dimethylsiloxane-methylphenylsi- 
loxane copolymers. These are basically of a linear structure although they may partially contain a branched siloxane 
structure. 

[0038] The organopolysiloxane desirably has a molecular weight of 700 to 75,000 though not limited thereto. When 
a copolymer of an organopolysiloxane with a molecular weight of 700 to 75,000 is blended in an epoxy resin composi- 
te tion, the copolymer is not compatible with the matrix and forms a microscopic island-in-sea structure. With a molecular 
weight of less than 700, the copolymer may become compatible with the matrix with the isiand-in-sea structure lost. 
With a molecular weight of more than 75,000, the copolymer may form a large island-in-sea structure. In either case, 
cured products may lose flame retardance and low stress properties. 

[0039] Irrespective of molecular weight, choice of organopolysiloxane and copolymerized epoxy whose copolymer 

25 forms microscopic island-in-sea structure with the epoxy matrix is preferred. 

[0040] The copolymer of the alkenyl group-bearing epoxy resin with the organohydrogenpolysiloxane can be pre- 
pared by effecting addition reaction known as hyd rosily I ation reaction between alkenyl groups on the epoxy resin and 
silicon atom-attached hydrogen atoms (i.e., SiH groups) on the organohydrogenpolysiloxane. The copolymer of the 
alkenyl group-free epoxy resin (e.g., difunctional epoxy resin) with the organohydrogenpolysiloxane can be prepared by 

30 effecting direct addition reaction between epoxy groups on the epoxy resin and SiH groups on the organohydrogen- 
polysiloxane. 

[0041] As the block copolymer, use may be made of the well-known copolymers described in USP 4,902,732 (JP- 
B 61-48544), USP 4,877,822 and USP 5,053,445 (JP-B-60069). Illustrative examples of these copolymers are given 
below. 

35 



40 



45 



50 




55 

Herein, Me is methyl, x and y are positive integers satisfying 1 0 < y/x < 30 , and k is an integer of 1 0 to 500. 
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Herein, Me is methyl, R is C^q aikyl or phenyl, and k is an integer of 10 to 500. 
20 [0042] An appropriate amount of component (D-iii) blended is usually at least 1 part, more preferably at least 2 
parts, to enhance flame retardance. Usually not more than 1 0 parts, more preferably not more than 8 parts are blended 
to keep viscosity down and to maintain reliability, especially against solder cracking in the encapsulated device. Parts 
are by weight calculated as the organopolysiloxane, per 100 parts of (A) and (B) combined. 

[0043] The inorganic filler (E) included in the epoxy resin compositions of the invention may be any suitable inor- 

25 ganic filler commonly used in epoxy resin compositions. Illustrative examples include silicas such as fused silica and 
crystalline silica, alumina, silicon nitride, aluminum nitride, boron nitride, titanium oxide, and glass fibers. No particular 
limit is imposed on the mean particle diameter and shape of these inorganic fillers, although the use of spherical fused 
silica having a mean particle diameter of 1 to 40 |im, and especially 2 to 25 jum is preferred because it endows the epoxy 
resin composition with good molding and flow characteristics. 

30 [0044] The inventive epoxy resin compositions have inorganic filler loadings of preferably 300 to 1,000 parts by 
weight, and more preferably 500 to 900 parts by weight per 100 parts by weight of the mixture of the epoxy resin (A), 
the phenolic resin curing agent (B) and the optional block copolymer (D-iii). At less than 300 parts by weight, the epoxy 
resin composition has a larger coefficient of expansion, resulting in greater stress on the semiconductor device and 
possible decline in the device characteristics. Moreover, the proportion of resin relative to the overall composition 

35 becomes larger, sometimes reducing the desired fire retardance. On the other hand, more than 1 ,000 parts by weight 
of the inorganic filler would result in an excessive rise in viscosity during molding and thus impede molding. The content 
of inorganic filler within the epoxy resin composition (excluding the flame retardant (C)) is preferably 70 to 92% by 
. weight, and especially 80 to 90% by weight. 
[0045] The inorganic filler used herein is preferably surface treated beforehand with a coupling agent such as a 

40 silane coupling agent or a titanate coupling agent in order to increase the bonding strength between the resin and the 
inorganic filler. Preferred examples of such coupling agents include epoxy silanes such as y-glycidoxypropyltrimethox- 
ysilane, y-glycidoxypropylmethyldiethoxysilane, and p-(3,4-epoxycyclohexyl)ethyltrimethoxysilane; aminosilanes such 
as N-p-(aminoethyl)-Y-aminopropyltrimethoxysilane, ^aminopropyltriethoxysilane, and N-phenyl-7-aminopropyltrimeth- 
oxysilane; and mercaptosilanes such as 7-mercaptopropyltrimethoxysi!ane and 7-mercaptopropylmethyldimethoxy- 

45 silane. No particular limitation is imposed on the amount of coupling agent used for surface treatment or the method of 
surface treatment. 

[0046] In the practice of this invention, use is preferably made of a curing accelerator to promote the curing reaction 
between the epoxy resin and the curing agent. The curing accelerator may be any suitable substance that promotes the 
curing reaction. Illustrative, non-limiting examples of curing accelerators that may be used include organic phosphorus 

so compounds such as triphenylphosphine, tributylphosphine, tri(p-methylphenyl)phosphine, tri(nonylphenyl)phosphine, 
triphenylphosphine triphenylborane, and tetraphenylphosphine tetraphenylborate; tertiary amine compounds such as 
triethylamine, benzyldimethylamine, a-methylbenzyldimethylamine, and 1,8-diazabicyclo[5.4.0]undecene-7; and imida- 
zole compounds such as 2-methylimidazole, 4 -methyl imidazole, 2-phenylimidazole, 2-phenyl-4-methylimidazole, 2- 
phenyl-4-hydroxymethylimidazole, 2-phenyl-4-methyl-5-hydroxymethylimidazole, and 2-phenyl-4,5-dihydroxymethylim- 

55 idazole. 

[0047] The semiconductor encapsulating epoxy resin compositions of the invention may also include various addi- 
tives, if necessary. Illustrative examples include stress- 1 owe ring additives such as thermoplastic resins, thermoplastic 
elastomers, and synthetic organic rubbers; waxes such as carnauba wax, higher fatty acids, and synthetic waxes; col- 
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orants such as carbon black; and halogen trapping agents. Also, any of well-known diluents such as n-butyl glycidyl 
ether, phenyl glycidyl ether, styrene oxide, t-butyl phenyl glycidyl ether, dicyclopentadiene epoxide, phenol, cresol, and 
t-butylphenyf may be added for the purpose of lowering the viscosity. 

[0048] The inventive epoxy resin compositions may be prepared by compounding the epoxy resin, curing agent, 
5 inorganic filler, and other components in predetermined proportions, thoroughly mixing these components together in 
a mixer or other appropriate apparatus, then melting and working the resulting mixture using a hot roll mill, kneader, 
extruder or the like. The worked mixture is then cooled and solidified, and subsequently ground to a suitable size so as 
to give a molding material. 

[0049] The resulting epoxy resin compositions of the invention can be effectively used for encapsulating various 
w types of semiconductor devices. The method of encapsulation most commonly used is low-pressure transfer molding. 
The epoxy resin composition of the invention is preferably molded at a temperature of about 150 to 180°C for a period 
of about 30 to 180 seconds, followed by postcuring at about 150 to 180°C for about 2 to 16 hours. 
[0050] The semiconductor encapsulating epoxy resin compositions of the invention cure into products which have 
an excellent fire retardance, moisture resistance and solder cracking resistance. Since they can avoid halogenated 
is epoxy resins and antimony compounds (e.g., antimony trioxide), the epoxy resin compositions can be better in relation 
to human health and the environment. 

[0051] The preparation of the compositions, and use thereof for encapsulation, are independent aspects of the 
invention incorporating all the above composition options. 

20 EXAMPLE 

[0052] Examples of the invention and comparative examples are given below by way of illustration, and are not 
intended to limit the invention. All parts are by weight. Me stands for methyl. 
[0053] The raw materials used in Examples are shown below. 

25 

Epoxy resins: 
[0054] 

30 (a) o-cresol novolac epoxy resin: EOCN1 020-55 by Nippon Kayaku K.K. (epoxy equivalent 200) 

(b) biphenyl epoxy resin: YX4000HK by Yuka Shell K.K. (epoxy equivalent 190) 

Curing agents: 
35 [0055] 

(c) phenolic novolac resin: DL-92 by Meiwa Kasei K.K. (phenolic equivalent 110) 

(d) phenolic aralkyl resin: MEH-7800SS by Meiwa Kasei K.K. (phenolic equivalent 175) 

40 Zinc molybdate on inorganic carrier (zinc molybdate content 1 8 wt%): 
[0056] 

KEMGARD 1261 (carrier: spherical silica with a mean particle size 0.5 u.m and a specific surface area 5.5 m 2 /g) by 
45 Sherwin-Williams Co. 

KEMGARD 91 1 C (carrier: talc with a mean particle size 2.0 u.m and a specific surface area 2.0 m 2 /g) by Sherwin- 
Williams Co. 

Inorganic filler: 

[0057] 

Spherical fused silica (mean particle size 20 u,m) by Tatsumori K.K. 

55 
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Polyorganosiloxane A: 
[0058] 

5 KF96 (dimethylsilicone fluid (oil), viscosity 1 ,000 cs at 25°C) by Shin-Etsu Chemical Co., Ltd. 

Polyorganosiloxane B (polyether-modified silicone oil): 
[0059] 



10 



15 



(CH2^-C 6 H 4 -NH 2 

CH 3 /CH 3 \ /CH 3 

CH 3 -Si-0 4- Si-O-J— f- Si-O -|— §i-0 Si-CH 3 

CH 3 \ CH 3 Jze 



20 



25 



(CH£ 3 OH 
NHCH 2 CH 2 NH-CH 2 CHCH 2 -(OCH 2 CH 2 )5— | 



CH 2 CH)2jj<)-CH3 



30 



Polyorganosiloxane C: 
35 [0060] 

KF54 (methylphenylsilicone fluid (oil), viscosity 400 cs at 25°C) by Shin-Etsu Chemical Co., Ltd. 
Polyorganosiloxane D: 

40 

[0061] 

A liquid silicone resin of three-dimensional network structure was prepared by the following procedure. 
A 1 -liter flask equipped with a.stirrer, condenser and thermometer was charged with 21 1 g (1 mol). of phenyrtrichlo- 
45 rosilane and 143 g of toluene, and heated to an internal temperature of 40°C in an oil bath. A dropping funnel was 

charged with 64 g (2 mol) of methanol, which was added dropwise to the flask,, with stirring, over one hour. Alkox- 
ylation reaction proceeded while hydrogen chloride gas given off during the reaction was removed out of, the sys- 
. tern. At the end of dropwise addition, agitation was continued for one hour at the internal temperature of 40°C for 
ripening. Next, the dropping funnel was charged with 12 g (0.7 mol) of water, which was added dropwise to the 
flask, with stirring, over one hour. Hydrolytic condensation reaction proceeded while hydrogen chloride gas given 
off during the reaction was removed out of the system. At the end of dropwise addition, agitation was continued for 
one hour at the internal temperature of 40°C for ripening. The toluene, the excess of methanol, unreacted water, 
and hydrogen chloride were removed by vacuum distillation, yielding 151 g of a liquid methoxy group-bearing poly- 
organosiloxane. 

The resulting polyorganosiloxane is represented by the compositional formula: R 3 m Si(OR 5 ) p (OH) q O (4 . ni . p . q)/2 
wherein m = 1 .0, the organic substituent R 3 attached to a Si atom through a Si-C bond consisted of 100 mol% phe- 
nyl, p = 1 .5, R 5 is methyl, and q = 0.2, containing 1 00 mol% of Afunctional siloxane units. It looked a colorless clear 
liquid and had a number average degree of polymerization of 3 and a number average molecular weight of 500. 
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Polyorganosiloxane-epoxy resin copolymer (organopolysiloxane content 16 wt%): 
[0062J 



10 
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25 

Curing accelerator: 
[0063] 

30 

triphenyl phosphine by Hokko Chemical K.K. 
Parting agent: 

35 [00^4] 

Carnauba wax by Nikko Fine Products K.K. 
Silane coupling agent: 

40 

[0065] 

KB M 403 (y-glycidoxypropyltrimethoxysilane) by Shin-Etsu Chemical Co., Ltd. 
45 [0066] Properties of epoxy resin compositions were measured by the following methods. 

(1) Spiral Flow: 

[0067] Measured by molding at 1 75°C and 70 kgf/cm 2 for a molding time of 90 seconds using a mold in accordance 
so with EMMI standards. 

(2) Hardness When Molded: 

[0068] Using the method described in JIS-K6911, a rod measuring 10x4x100 mm was molded at 175°C and 70 
55 kgf/cm 2 for a time of 90 seconds. The hardness when hot was measured with a Barcoi Impressor. 
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(3) Moldability 

[0069] A OFF package of 14x20x3.5 mm was molded. Using an ultrasonic ftaw detector, interna voids were 
detected. 

(4) Flame Retardance: 

[0070] A 1/1 6 inch thick sheet was molded and the flame retardance of the sheet was rated in accordance with UL- 
94 test specifications. 

(5) Moisture Resistance: 

[0071] A silicon chip measuring 1x1 mm on which aluminum wiring had been formed was adhesively bonded to a 
14-pin dual in-line package (DIP) frame (Alloy 42), and the aluminum electrodes on the chip surface were wire bonded 
to the lead frame using 30 urn gold wire. The epoxy resin composition was then molded over the chip at 175°C and 70 
kgf/cm 2 for a time of 120 seconds, and post -cured at 180°C for 4 hours. Twenty packages thus obtained were left to 
stand for 500 hours at 140°C and 85% relative humidity while being subjected to a bias voltage of 5V DC. The number 
of packages in which aluminum corrosion arose was counted. 

(6) Solder cracking resistance 

[0072] A flat package of 14x20x2.7 mm was molded using an epoxy resin composition. It was postcured at 180°C 
for 4 hours, allowed to stand in a thermostat chamber at 85°C and RH 85% for 168 hours, and immersed in a solder 
bath at a temperature of 220°C for 30 seconds. The outside of the package were observed to inspect cracks. 

Examples .1-8 and Comparative Examples 1-4 

[0073] Epoxy resin compositions for semiconductor encapsulation were prepared by uniformly melt mixing the 
components shown in Tables 1 and 2 in a hot twin-roll mill, followed by cooling and grinding. The measured properties 
of the compositions are shown in Tables 3 and 4. 



Table 1 



Ingredients (pbw) 


Ex.1 


Ex.2 


Ex.3 


Ex.4 


Ex.5 


Ex.6 


Ex.7 


Ex.8 . 


Epoxy resin (a) 


64.52 


64.52 


64.52 


64.52 


64.52 


64.52 






Epoxy resin (b) 














52.71 


52.71 


Curing agent (c) 


35.48 


35.48 


35.48 


35.48 


35.48 


35.48 






Curing agent (d) 














47.29 


47.29 


Polyorganos iloxane A 


4 








8 






8 


Polyorganos iloxane B 




4 








0.1 


0.1 




Polyorganos iloxane C 






4 












Polyorganos iloxane D 








4 










Inorganic filler 


500 


500 


500 


500 


500 . 


850 


850 


850 


Curing accelerator 


1.2 


1.2 


1.2 


1.2 


1.2 


1.2 


1.2 


1.2 


KEMGARD 1261 


100 


100 


100 


100 


60 


100 


10 


5 


Antimony trioxide 


















Brominated novolac type epoxy 
resin 


















Parting agent 


3 . 


3 


3 


• 3 


3 


3 


3 


3 


Carbon black 


2 


2 


2 


2 


2 


2 


2 


2 
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Table 1 (continued) 



Ingredients (pbw) 


Ex.1 


Ex.2 


Ex.3 


Ex.4 


Ex.5 


Ex.6 


Ex.7 


Ex.a 


Silane coupling agent 


1 


1 


1 


1 


1 


1 


1 


1 



5 



Table 2 



Ingredients (pbw) 


Comp. Ex.1 


Comp. Ex.2 


Comp. Ex.3 


Comp. Ex.4 


Epoxy resin (a) 


64.52 


58.32 


- 


- 


Epoxy resin (b) 


- 


- 


52.71 


52.71 


Curing agent (c) 


35.48 


35.48 


- 


- 


Curing agent (d) 


- 


- 


47.29 


47.29 


Poiyorganos iloxane A 


- 


- 


- 


- 


Polyorganos iloxane B 








10 


Poiyorganos iloxane C 










Polyorganos iloxane D 










Inorganic filler 


500 


500 


500 


500 


Curing accelerator 


1.2 


1.2 


1.2 


1.2 


KEMGARD 1261 


100 








Antimony trioxide 




4 






Brominated novolac type epoxy resin 




6.2 






Parting agent 


3 


3 


3 


3 


Carbon black 


2 


2 


2 


2 


Silane coupling agent 


1 


1 


1 


1 



35 



Table 3 





Ex.1 


Ex.2 


Ex.3 


Ex.4 


Ex.5 


Ex.6 


Ex.7 


Ex.8 


Spiral flow (cm) 


95 


85 


83 


80 


65 


90 


115 


80 


Hardness when molded 


80 


75 


78 


81 


75 


80 


73 


70 


Moldability 


OK 


OK 


OK 


OK 


OK 


OK 


OK 


OK 


Flame retardance . 


V-0 


V-0 


V-0 


V-0 


V-0 


V-0 


V-0 


V-0 


Moisture resistance 


0/20 


0/20 


0/20 


0/20 


0/20 


0/20 


0/20 


0/20 


Solder cracking resistance 


0/5 


0/5 


0/5 


0/5 


0/5 


0/5 


0/5 


0/5 



Table 4 





Comp. Ex.1 


Comp. Ex.2 


Comp. Ex.3 


Comp. Ex.4 


Spiral flow (cm) 


98 


90 


125 


70 
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Table 4 (continued) 





Comp. Ex.1 


Comp. Ex.2 


Comp. Ex.3 


Comp. Ex.4 


Hardness when molded 


80 


80 


78 


65 


Moldability 


OK 


OK 


NG 


NG 


Flame retardance 


burned 


V-0 


V-1 


V-0 


Moisture resistance 


0/20 - 


7/20 . 


0/20 


0/20 


Solder cracking resistance 


4/5 


3/5 


0/5 


0/5 



[0074] From Tables 3 and 4, it is evident that the semiconductor encapsulating epoxy resin compositions of the 
invention were able to cure into products which had excellent flame retardance and solder crack resistance. The com- 
positions were effectively moldable and moisture resistant. Such compositions have no ill effects on human health and 
15 the environment because they contain no halogenated epoxy resins or antimony trioxide. 1 

Examples 9-16 and Comparative Examples 5-9 

[0075] Epoxy resin compositions for semiconductor encapsulation were prepared by uniformly melt mixing the 
20 components shown in Tables 5 and 6 in a hot twin-roll mill, followed by cooling and grinding. The measured properties 
of the compositions are shown in Tables 7 and 8. 



Table 5 



25 



30 



Ingredients (pbw) 


Ex.9 


Ex.10 


Ex.1 1 


Ex.12 


Ex.13 


! Ex.14 


Ex.15 


Ex.16 


Epoxy resin (a) 


47.55 


47.55 


7.06 


7.06 










Epoxy resin (b) 










46.41 


6.89 


57.55 


17.03 


Curing agent (c) 














36.20 


32.97 


Curing agent (d) 


46.20 


46.20 


42.94 


42.94 


47.34 


43.11 






Epoxy-modified silicone resin 
(Amount of siloxane added) 


6.25 
1 


6.25 
1 


50.0 
8 


50.0 
8 


6.25 
1 


50.0 
8 


6.25 
1 


50.0 
8 


Inorganic filler 


500 


500 


500 


500 


850 


850 


760 


760 


Curing accelerator 


1.2 


1.2 


1.2 


1.2 


1.2 


1.2 


1.2 


1.2 


KEMGARD 1261 


80 


100 


80 


100 






100 


100 


KEMGARD 911 C 










10 


10 






Antimony trioxide 


















Brominated novolac type epoxy 
resin 


















Parting agent 


3 


3 


3 


3 


3 


3 


3 


3 


Carbon black 


2 


2 


2 


2 


2 


2 


2 


2 


Silane coupling agent 


1 


1 


1 


1 


1 


1 


1 


1 



Table 6 
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Ingredients (pbw) 


Comp. Ex.5 


Comp. Ex.6 


Comp. Ex.7 


Comp. Ex.8 


Comp. Ex.9 




Epoxy resin (a) 


53.33 


53.33 






46.5 
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Table 6 (continued) 



Ingredients (pbw) 


Comp. Ex.5 


Comp. Ex.6 


Comp. Ex.7 


Comp. Ex.8 


Comp. Ex.9 


Epoxy resin (b) 


- 


- 


- 


- 


- 


Curing agent (c) 


- 


- 


- 


- 


34.8 


Curing agent (d) 


46.67 


46.67 


37.5 


37.5 


- 


Epoxy-modified silicone resin 


0 


0 


62.5 


62.5 


12.5 . 


(Amount of siloxane added) 


0 


0 


10 


10 


2 


Inorganic filler 


500 


500 . 


500 


500 


500 


Curing accelerator 


1.2 


1.2 


1.2 


1.2 


1.2 


KEMGARD 1261 


- 


80 


- 


80 


- 


KEMGARD 91 1C 












Antimony trioxide 










4 


Brominated novolac type epoxy resin 










6.2 


Parting agent 


3 


3 


3 


3 


3 


Carbon black 


2 


2 


2 


2 


2 


Siiane coupling agent 


1 


1 


1 


1 


1 
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Table 7 





Ex.9 


Ex.10 


Ex.11 


Ex.12 


Ex.13 


Ex.14 


Ex.15 


Ex.16 


Spiral flow (cm) 


95 


85 


83 


77 


120 


115 


95 


80 


Hardness when molded 


80 


75 


78 


75 


70 


73 


80 


81 


Moldability 


OK 


OK 


OK 


OK 


OK 


OK 


OK 


OK 


Flame retardance 


V-0 


V-0 


V-0 


V-0 


V-0 


V-0 


V-0 


V-0 


Solder cracking resistance 


0/5 


0/5 


0/5 


0/5 


0/5 


0/5 


0/5 


0/5 



Table 8 
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Comp. Ex.5 


Comp. Ex.6 


Comp. Ex.7 


Comp. Ex.8 


Comp. Ex.9 


Spiral flow (cm) 


125 


100 


55 


40 


110 


Hardness when molded 


80 


78 


82 


78 


80 


Moldability 


OK 


OK 


NG 


NG 


OK 


Flame retardance 


burned 


V-1 


V-1 


V-0 


V-0 


Solder cracking resistance 


5/5 


. 5/5 


1/5 


2/5 


0/5 



[0076] From Tables 7 and 8, it is evident that the semiconductor encapsulating epoxy resin compositions of the 
invention were able to cure into products which had excellent flame retardance. The compositions were effectively 
55 moldable and moisture resistant. Such compositions have no ill effects on human health and the environment because 
they contain no halogenated epoxy resins or antimony trioxide. 

[0077] Japanese Patent Application Nos. 1 1-1 18155 and 1 1-1 18408 are incorporated herein by reference. 
[0078] Although some preferred embodiments have been described, many modifications and variations may be 
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made thereto in light of the above teachings. It is therefore to be understood that the invention may be practised other- 
wise than as specifically described in the examples. 

Claims 

5 

1. An epoxy resin composition comprising 

(A) epoxy resin, 

(B) phenolic resin curing agent, 
10 (C) molybdenum compound, 

(D) at least one silicon-containing component compound selected from 

(D-i) orgariopolysiloxanes of the average compositional formula (1 ): 

15 R 1 aSiO (4 _ aV2 (1) 

wherein R 1 is substituted or unsubstituted monovalent hydrocarbon group, with the option that two R 1 
groups, taken together, may form an alkylene group, and "a" is from 0.8 to 3; 
(D-ii) cured organopolysiloxanes, and 
20 (D-iii) block copolymers obtainable by reaction of (a) epoxy resin or alkenyl group-bearing epoxy resin with 

(b) organopolysiloxane of the average compositional formula (2): 

H mR 2 n Si °(4-m-n)2 (2) 

25 wherein R 2 is substituted or unsubstituted monovalent hydrocarbon group, m is from 0.001 to 0.2, n is from 

1.8 to 2.1, and m+n is 1.801 to 2.3, the number of silicon atoms per molecule is from 10 to 1,000 and the 
number per molecule of hydrogen atoms directly attached to silicon atoms is 1 to 5, said reaction being 
addition reaction between (a) epoxy groups on the epoxy resin and/or alkenyl groups on the alkenyl group- 
bearing epoxy resin and (b) silicon-attached hydrogen atoms on the organopolysiloxane, and (E) inorganic 

30 filler. 

2. An epoxy resin composition of claim 1 wherein the molybdenum compound (C) is zinc molybdate. 

3. An epoxy resin composition of claim 2 wherein the molybdenum compound (C) is zinc molybdate supported on an 
35 inorganic carrier. 

4. An epoxy resin composition of claim 3 wherein the zinc molybdate on inorganic carrier has a zinc molybdate con- 
tent of 5 to 40% by weight. 

40 5. An epoxy resin composition of claim 3 wherein 1 to 120 parts by weight of the zinc molybdate on inorganic carrier 
is present per 100 parts by weight of components (A) and (B) combined. 

6. An epoxy resin composition according to any one of the preceding claims wherein 0.1 to 8 parts by weight of the 
organopolysiloxane (D-i) or the organopolysiloxane cured product (D-ii) is present per 100 parts by weight of com- 

45 ponents (A) and (B) combined. 

7. An epoxy resin composition according to any one of claims 1 to 5 wherein 1 to 10 parts by weight, calculated as 
organopolysiloxane, of the block copolymer (D-iii) is present per 100 parts by weight of components (A) and (B) 
combined. 

50 

8. A method comprising the preparation of. a composition according to any one of claims 1 to 7, by blending the ingre- 
dients thereof. 

9. The use of an epoxy resin composition according to any one of claims 1 to 7 for encapsulating semiconductor 
55 devices. 

10. A semiconductor device encapsulated with a cured product of the epoxy resin composition of any one of claims 1 
to 7. 
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